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( ) [Sas 88] Q
[SSKS $91$ ] $[\mathrm{K}\mathrm{i}\mathrm{t}93]$
18.2




$x$ $n$ $f$ : $R^{n}arrow R^{n},$ $g_{i}$ : $R^{n}arrow R,$ $h_{i}$ : $R^{n}arrow R$ $f(x),$ $\mathit{9}(X),$ $h(x)$
$u$
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18.3
$\lambda(x)$ $\lambda$ : $R^{n}arrow R$





) $f,$ $g$ Lie product [$f,g|$






$U$ distribution $\triangle$ $d$
$\forall x\in U$ , $\dim(\triangle(X))=d$
nonsingular ’ $d$ dimension $x\mathit{0}\in U$ $x_{\mathit{0}}$
$U_{0}$ nonsingular regular $\circ \mathrm{r}\mathrm{e}\mathrm{g}\mathrm{u}\mathrm{l}\mathrm{a}\mathrm{r}$
$\cup$
distribution $\triangle$ Lie product $\Delta$
$\tau_{1},$ $\tau_{2}\in\Delta\Rightarrow[\tau_{1}, \tau_{2}]\in\triangle$
involutive
18.4 Local reachability, observability








span $(d\lambda_{1}, \cdots, d\lambda_{n}-d)=\triangle^{\perp}$ (3)
completely integrable distribution completely integrable
1( )





$f_{k}$ distribution $\Delta$ $g$
$g \equiv\sum$ ci $f_{i}$ (mod $S^{l+1}$ )
$i=1$
$c:(x)$ $g$ $l$ \triangle
$g\in\triangle$ (mod $S^{l+1}$ )
distribution $\triangle$
$\tau_{1},$
$\tau_{\Phi}\sim\in\triangle$ (mod $S^{l+1}$ ) $\Rightarrow[\tau_{1}, \tau_{2}]\in\triangle$ (mod $S^{l+1}$ )
$\triangle$ $l$ involutive nonsingular $d$ distribution
$\triangle$ $U\in R^{n}$ $x\mathrm{o}\in$ $U\mathrm{o}$ $\lambda_{1},$
$\ldots,$
$\lambda_{n-d}$
span $(d\lambda_{1}, \cdots, d\lambda_{n-d})\equiv\triangle^{\perp}$ (mod $S^{l+1}$ ) (4)
$l$ completely integrable
( )
nonsingular distribution completely integrable $l$
involutive
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$d$ distribution $\triangle$ involutive (3) $\text{ }\lambda_{1},$ $\cdots,$ $\lambda_{n-d}$
$x\mathrm{o}\in U$
$\triangle(x)=\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}(fi(x), \cdots, fd(X))$
+1, $\cdot$ . ., $f_{n}$ U
$\Delta(x)=\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}(fi(x), \cdots, f_{d}(x), fd+1(x), \cdots, f_{n}(x))=R^{n}$
$\frac{d}{dt}x$ $=$ $f(x)$
$x(0)$ $=$ $x_{\mathit{0}}$
$x(t)=\Phi_{t}f(X\mathrm{o})$ $\Phi_{l}^{f}(x_{0})$ $\Psi$ : $R^{n}arrow R^{n}$
$\Psi$ : $(z_{1}, \cdots, z_{n})arrow\Phi_{z_{1}}^{f_{1}}0\cdots 0\Phi_{z_{n}}^{f_{n}}(xo)$
$\Psi^{-1}$ ,$\mathrm{t}-d$ ( $z_{1},$ $\cdots,$ $z_{n}$ ) $\lambda_{1},$ $\ldots,$ $\lambda_{?1-d}$










$n-d$ \triangle 1$\text{ }\overline{\partial x}$
(z) $=(\overline{\tau}_{1}(Z), \ldots,\overline{\tau}_{d}(Z), 0, \ldots, \mathrm{o})$












$\tau\in\triangle\Rightarrow[f, \tau]\in\Delta$ (mod $S^{l+1}$ )
$f$ $l$ invariant
$[f, \triangle]\subset\triangle$ (mod $S^{l+1}$ )
Invariant
1





$\triangle$ nonsingular, $l$ involutive $d$ distribution $f$ $l$





$($ $\overline{f}_{n}(zd+1, \ldots, z\mathfrak{n})$
$\zeta_{1}$ $=$ $(z_{1}, \ldots, z_{d})$
$\zeta_{2}$ $=$ $(z_{d+1}, \ldots, z_{\mathfrak{n}})$
$\dot{x}=f(x)$ (5)




(5) 2 $x’=(\zeta_{1,\zeta 2}’’),$ $X^{J}’=((_{1,\zeta 2}^{\prime\prime\prime\prime})$ \mbox{\boldmath $\zeta$}2’ $=(_{2}’’$ \’i $\neq(_{1}’’$
$\zeta_{2}’=\zeta_{2}’’$
$\dot{\zeta}_{1}$
$\equiv$ $f_{1}(\zeta_{1}, \zeta_{2})$ (mod $S^{l+1}$ )
$\dot{\zeta}_{2}$
$\equiv$ $f_{2}(\zeta_{2})$ (mod $S^{l+1}$ )
2
$\triangle$ nonsingular, involutive $d$ distribution $f,$ $g_{1},$
$\ldots,$
$g_{m}$ invariant
distribution span $(g1, \ldots, g_{m})$ $\Delta$
$x\mathit{0}$
$U\mathrm{o}$ $z=\Phi(x)$ $z$ (1)
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$y_{i}$ $=$ $h_{i}(\zeta_{1}, \zeta_{2})$
3
$\triangle$ nonsingular, $l$ involutive $d$ distribution $f,$ $g_{1},$ $\ldots,$ $g_{m}$





$\overline{f}_{1}(\zeta_{1}, \zeta_{2})+\sum\overline{g}_{1},:(\zeta_{1}, \zeta 2)u:m$ (mod $S^{l+1}$ )
$:=1$
$\dot{\zeta}_{2}$
$\equiv$ $\overline{f}_{2}(\zeta_{2})$ (mod $S^{l+1}$ )
$y_{*}$
. $=$ $h_{i}(\zeta_{1}, \zeta_{2})$
3 nonsingular distribution
$(\mathrm{i})\triangle$ involutive $\circ$
$(\mathrm{i}\mathrm{i})\triangle$ distribution span $(g1, \ldots, g_{m})$




$\tau_{q}$ invariant distribution $<\tau_{1},$ $\ldots,$ $\tau_{q}|\Delta>$
distribution
$\triangle 0$ $=$ span $(g_{1}, \ldots, g_{m})$
$\triangle_{k}$ $=$ $\triangle_{k-1}+[f, \triangle_{k-1}]+\sum[gi, \triangle_{k1}-]i=1m$
$\triangle_{k}=\triangle_{k-1}$ $\triangle\ovalbox{\tt\small REJECT}$ distribution
$(\mathrm{i})\triangle$ $l$ involutive







$\triangle 0$ $\equiv$ span $(\mathit{9}1, \ldots,g_{m})$ (mod $S^{l+1}$ )
$\Delta_{k}$ $\equiv$ $\triangle_{k-1}+[f, \triangle_{k-1}]+.\cdot\sum_{=1}^{m}[g:,$ $\Delta k-11$ (mod $S^{l+1}$ )
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